A solid-phase extraction method for the preconcentration of Fe, Mn and Zn on a column containing Ambersorb 572 has been developed, and the determination of Fe, Mn and Zn in water using a flame atomic absorption spectrophotometer (FAAS) has been performed. The optimum preconcentration parameters of the procedure have been determined. The effect of the pH, complexing agent, amount of adsorbent, flow rate, concentration and volume of the elution solution and interfering ions on the recovery of the analytes were investigated. The recoveries of Fe, Mn and Zn were 99 ± 3%, 98 ± 3% and 99 ± 3% at the 95% confidence level, respectively, under the optimum conditions. Fe, Mn and Zn were preconcentrated up to 50, 100, 200, respectively. The limits of detection of Fe, Mn and Zn are 2.5, 0.68 and 0.24 µg l -1 , respectively. The adsorption capacity of the adsorbent was found to be 10.9, 13.1 and 21.5 mg g -1 for Fe, Mn and Zn, respectively. The method has been applied to the determination of these metal ions in tap-water and river-water samples. The precision and the accuracy of the method is very good. The relative standard deviation and the relative error are lower than 4%.
Introduction
Trace metal ions have important roles in life, involving a wide spectrum of activities. Thus, the determination of trace metal ions is becoming increasingly important because of increased interest in environmental samples, such as water and plant. [1] [2] [3] Iron, manganese and zinc are essential trace elements, having complex roles in many body functions. Zinc exerts beneficial effects on cardiocirculatory function, and is important for the prevention of black-foot disease. 4 Manganese is toxic at higher levels for organisms and plants. In humans, chronic manganese poisoning affects the central nervous system. 5 In order to assess their accumulation or deficiency in biological and water samples, sensitive, reproducible and accurate analytical methods are required. Ivanova et al. determined manganese in biological samples and seawater by a flow-injection on-line sorption preconcentration procedure with electrothermal atomic absorption spectrometry. 6 Trace zinc has been determined in biological samples after preconcentration with 1-(2-pyridylazo)-2-naphthol on microcrystalline naphthalene. 7 A flame atomic absorption spectrophotometer (FAAS) has been widely used for the determination of iron, manganese and zinc in water samples [8] [9] [10] because of its high specificity, while not being an expensive instrument. However, the direct determination of trace concentrations of these elements by FAAS is generally difficult because of matrix interference problems and concentrations below the detection limit of
FAAS.
These problems can be overcome by using proconcentration and separation procedures. For this purpose, various preconcentration/separation methods, such as solvent extraction, 11 coprecipitation, 12 ion exchange, 13 resin chelation 14 and solid phase extraction, [15] [16] [17] [18] [19] have been widely used. A solid phase extraction (SPE) technique has found increasing applications for the preconcentration of trace metal ions and the elimination of matrix interference prior to AAS analysis. Different solid-phase extractors, such as Amberlite XAD resins, activated carbon, polymeric fibers and silica gel, have been used to preconcentrate trace metal ions from various media. Amberlite XAD-16 resin has been used to preconcentrate gold in geological samples and anode slimes by FAAS. 20 Bagheri et al. proposed a procedure for the simultaneous preconcentration and speciation of iron(II) and iron(III) in water samples by 2-mercaptobenzimidazole-silica gel. 21 Bag et al. studied the preconcentration of Zn, Co and Ni using poly(ethylene terephthalate) fibers grafted with methacrylic acid as a solidphase extractor, and applied the results to the determination of these metals in river water and synthetic seawater with high precision. 22 In this work, Ambersorb 572, used as a solid-phase extractor for some organic species before, was firstly used for trace metals as a solid-phase extractor. Tomkins and Sega used Ambersorb 572 for the determination of thiodiglycol in groundwater. 23 Geosmin and 2-methylisoborneol were successfully analyzed in water by isotope dilution gas chromatography-high resolution mass spectrometry (GC-HRMS) after extracting with Ambersorb 572. 24 Taste and odour compounds have also been extracted from water using Ambersorb 572. 25 In this study, iron, manganese and zinc were preconcentrated from a water matrix as their chelates using Ambersorb 572 as a solid-phase extractor. Ambersorb 572 was chosen because it has a high surface area (1100 m 2 g -1 ), durability and purity.
The proposed preconcentration and determination method has been satisfactorily applied to tap and river-water samples.
Experimental

Apparatus
A Philips PU 9285 Model flame atomic absorption spectrophotometer equipped with a deuterium-lamp background corrector was used for analysis. Philips hallow cathode lamps of iron, manganese and zinc were used as sources, and were run under conditions suggested by the manufacturer. 26 The most sensitive analytical wavelengths were chosen for analytes: 248.3 nm for iron, 279.5 nm for manganese and 213.9 nm for zinc. The slit width was 0.5 nm for these elements. All of the measurements were carried out in air/acetylene flame. The acetylene flow rates were 0.9, 1.0 and 1.2 l min -1 for iron, manganese and zinc, respectively. All of the pH measurements were made with a JENWAY 3010 Model pH meter and a combination glass electrode.
Reagents
All reagents were of analytical reagent grade, unless otherwise stated. Triple-distilled water was used to prepare the solutions. Laboratory glassware was kept overnight in a 5% nitric acid solution. Before use, the glassware was rinsed with triple-distilled water and dried in an oven. Ambersorb 572 (Aldrich) was used after washing with methanol, 1 mol l -1 HCl solution and water, respectively and dried for 4 h at 60˚C. A stock Fe 3+ solution (1000 mg l -1 ) was prepared by dissolving 0.250 g of iron powder (Merck) in 10 ml of concentrated hydrochloric acid and diluting to 250 ml with water. Mn 2+ and Zn 2+ stock solutions (1000 mg l -1 ) were prepared from nitrate salts (Merck). An EDTA solution (0.010 M) was prepared by dissolving 0.9306 g of EDTA (Merck) in 250 ml of water. A 1,10-phenanthroline solution (0.010 M) was prepared by dissolving 0.4955 g 1,10-Phenanthroline (Merck) in 2 -3 ml of 1 M HCl and diluting to 250 ml with water.
Conservation and preparation of the water sample
A tap-water sample was collected from Ankara, Turkey, and a river-water sample was collected from Kızılırmak river in Kırıkkale, Turkey. These water samples were filtered through a cellulose membrane (Millipore) of 0.45 µm pore size to remove any particulate matter, and then acidified with 1.0 ml of concentrated hydrochloric acid per liter of sample.
Column preparation
A glass column (15 cm length and 0.8 cm internal diameter) was prepared by placing a small portion of washed (with ethanol, concentrated HNO3, triple distilled water, respectively) glass wool as a plug at one end of the column and holding the adsorbent at a certain amount (0.3 g) in the column. Then, another small glass-wool plug was inserted onto the tap of the adsorbent.
Procedure for the sorption of metals on the column
The method was tested with model solutions prior to its application to water samples. A 100-ml volume of a model solution containing known amounts of elements (25 µg of Fe, 10 µg of Mn and 5 µg of Zn) was adjusted to the desired pH with hydrochloric acid or ammonia solutions. Then, the required volume of a chelating agent (2 ml 0.01 mol l -1 EDTA for Fe and 2 ml 0.01 mol l -1 1,10-phenanthroline for Mn and Zn) was added to form the metal chelate. The column was preconditioned with a solution having the optimum pH, and the sample solution was passed through the column at a flow rate of about 1 ml min -1 . The adsorbed metals as their chelates on the Ambersorb 572 were then eluted with 5 ml of 2 mol l -1 hydrochloric acid solution for Fe and 5 ml of a 2 mol l -1 nitric acid solution for Mn and Zn. The eluent was collected in a 5 ml volumetric flask and the metals were determined by FAAS. The adsorbent was used repeatedly after washing with 5 ml of 2 mol l -1 hydrochloric acid solution or nitric acid solution and triple-distilled water, respectively.
Results and Discussion
In order to determine the optimum conditions for the quantitative solid phase extraction of iron, manganese and zinc by Ambersorb 572 as their chelates, several parameters were tested.
Effect of the pH on the SPE of metals
The pH is a very important factor for metal-chelate formation and SPE processes. Therefore, the effect of the pH on the retention of metal chelates on a column of Ambersorb 572 was studied in the range of 2 -10 by adding hydrochloric acid or ammonia solutions.
The results are shown in Fig. 1 . Quantitative recoveries (>95%) were obtained for iron with EDTA over a wide pH range of 2 -8, for manganese with 1,10-phenanthroline over a wide pH range of 6 -8 and for zinc with 1,10-phenanthroline over a wide pH range of 5 -10. Quantitative recoveries were not obtained for these metals without using chelating agents. For subsequent experiments, pH 2 for iron and pH 6 for manganese and zinc were chosen as the working pH. Lower pH values are generally preferred for analyzing real samples, because they (biological, geological, etc.) are generally dissolved with acids. Therefore, the sample solution is generally acidic. In addition, the precipitation of element ions, an unwanted situation, could be observed at high pH values.
Effect of type and volume of eluent
The desorption of the retained metals from the resin was tested using various eluting agents. As can be seen from Table  1 found to be satisfactory (recoveries >95%) for desorption.
Effect of the amount of resin
The amount of resin is another important parameter that affects the recovery. A quantitative retention is not obtained when the amount of resin is less. On the other hand, an excess amount of resin prevents the elution of the retained chelates by a small volume of eluent quantitatively. For this reason, the amounts of resin were optimized. For this purpose, different amounts of Ambersorb 572 (50 -800 mg) were examined. Quantitative recoveries of the metal ions were obtained in the range of 300 -800 mg of resin. Thus, 300 mg of resin has been used for subsequent experiments because of easy elution.
Effect of the flow rate of the sample solution
The effect of the flow rate of the sample solution on metal sorption was investigated by varying the flow rate from 0.5 to 10 ml min -1 under optimum conditions. As can be seen from Fig. 2 , the recoveries of metals were quantitative up to a flow rate of 2 ml min -1 for iron, 10 ml min -1 for manganese and 7.5 ml min -1 for zinc.
Effect of the sample volume on the recoveries
In order to determine the maximum applicable sample solution (or minimum analyte concentration), the effect of the volume of sample solution (100 -1000 ml) on the recovery of analytes was investigated. Upon varying the volume of a sample solution containing a fixed amount of analytes (25 µg of Fe, 10 µg of Mn and 5 µg of Zn) the recoveries of the analytes did not decrease significantly up to 250 ml for Fe, 500 ml for Mn and 1000 ml for Zn. By using 5 ml of elution solutions, preconcentration factors of 50, 100 and 200 could be obtained for Fe, Mn and Zn, respectively. It can be concluded that iron, manganese and zinc can be determined at concentrations of 100, 20 and 5 µg l -1 , respectively. These concentrations can not be determinated directly by FAAS with sufficient accuracy.
Adsorption isotherms and adsorption capacity
The adsorption isotherms of the studied metals onto resin were investigated. The adsorptions (a, mg g -1 ) of the elements as a function of their concentration in solution (C, mg l -1 ) were determined. As can be seen from 
Precision of the method
The precision of the method was investigated under the optimum conditions mentioned above (pH, 2 for Fe and 6 for Mn and Zn; chelating agent, 0.02 mmol EDTA for Fe and 0.02 mmol 1,10-phenanthroline for Mn and Zn; flow rate, 2 ml min -1 for Fe and 7.5 ml min -1 for Mn and Zn; volume of sample, 100 ml) by performing successive retention and elution cycles; a determination by FAAS followed. The results obtained are given in Table 2 . The relative standard deviations were less than 4% for all of the elements studied.
Limit of detection
A 100 ml blank solution was passed through a column and retained metals were eluted by 100 ml of the reagents mentioned above under the determined optimum conditions. This solution was used to determine the LOD. The detection limits based on three-times the standard deviation of the blank were 125, 68 and 47 µg l -1 for iron, manganese and zinc (N = 20), respectively. It may be concluded that by applying preconcentration factors of 50, 100 and 200 for iron, manganese and zinc, respectively. 2.5, 0.68 and 0.24 µg l -1 of detection limits for iron, manganese and zinc, respectively, can be obtained.
Effect of diverse ions
The preconcentration procedures for trace metals can be strongly affected by other constituents of the samples. For this reason, the reliability of the proposed method was examined in the presence of possible interfering ions of the water samples. The interfering elements were added to the model sample as their nitrate or chloride salts. Table 3 shows the effect of the interfering ions on the recoveries of the analytes.
Application
The proposed method was applied to a tap-water sample collected from the city of Ankara and Kızılırmak river-water, which was located in Kırıkkale, Turkey. A volume of 250 ml of water samples was used for the analysis. The obtained results are summarized in Table 4 . The results were calculated based on the assumption of 100% recovery of the analytes. In order to evaluate the accuracy of the procedure, known masses of iron, manganese and zinc were added to the water samples. As can be seen from the results, this procedure can be used for iron, manganese and zinc determination in water samples with a relative error below 4%.
Conclusion
The proposed procedure provides a simple, precise, accurate and cheap method for the enrichment of Fe, Mn and Zn. Good enrichment factors can be achieved. The proposed procedure has been applied for iron, manganese and zinc determinations at µg l -1 levels in tap-water and river-water samples using FAAS.
It can be concluded that this preconcentration method may also be applied for other samples and combined with other analytical methods, like ICP-AES. Relative error, % Table 4 Determination of iron, manganese and zinc in Ankara tap water and Kızılırmak river water (sample volume, 250 ml) a. Mean of seven determinations at 95% confidence level. b. Not determined. Because of high zinc concentration in tap water, preconcentration procedure was not applied. N.D.: not detected.
